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UNITED STATES PATENT 

This invention relates to circular cutting tools 
for working metal, and the like, in boring, ream- 
ing, milling and related operations. 
The principal objective of this invention bas 
been to provide a circular cutting tool which dis- 
plays the rigidity and stability of a solid tool 
when it is in use, but which is dilatable or 
pansible across the effective diameter of its cut- 
tlng tips or edges in order that the tool diameter 
may be adjusted to the desired diameter or to ï0 
compensate fol" the .wear which has occurred uP- 
on its cutting edges. This wear is manifest over 
a period of time as a decrease in the dimension 
of the path cut by the tool, or as a decrease in 
the diameter of the hole which is bored or reamed 15 
by it. If the work is of precision nature, the 
tool when worn must be either reconditioned or 
discarded. In many instances, where the final 
dimension may hot deviate from a predetermined 
standard by more than a few thousandths, or 20 
even a fraction of a thousandth of an inch, this 
reconditioning or discarding of worn tools con- 
stitutes an important item in the cost of manufac- 
ture. 
Briefly, in accordance with this invention, an 
adjustable circular cutting tool is provided in 
which minor size adjustments may be accom- 
plished by slight dflation or contraction of the 
effective diameter of the tool across ifs cutting 
tips. On the other hand the tool,may be ex- 30 
panded appreciably, if it is worn or dulled so 
bad]y as to require regrinding or resharpening. 
 In the past, adjustable expansion reamers bave 
been available but, in most instances, these tools 
embody slots to provide yieldability through 35 
whlch expansion may be effected, and these 
weaken the tools or impair the rigidity of the 
too!s to such an extent that they tend to chatter 
when in cutting contact with a work piece. In 
other types of these tools, blades held by various 40 
means are seated on tapered foundation surfaces 
of the tool body, but, in such cases, it is virtually 
impossible to provide uniformity in the degree 
of adjustment of each blade. Therefore, as a 
practical matter, units of the latter type are al- 45 
most always over-expanded and then reground to 
the intended diameter. U. S. Patents Nos. 
2,093,742 and 2,093,986 which .bave previously 
been granted to me disclose expansible circular 
cutçing tools in which an unsplit cylindrical body 50 
may be increased in diameter by a driven wedge- 
like plug having engagement with the tool along 
local areas of contact adjacent the cutting teeth. 
Such tools display the desirable rigidity of a solid 
tool and have round widespread usage,, but the 
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present invention is directed to a construction 
which is less expensive to employ, particularly in 
the fabrication of units of the larger diameters 
of, for example 1 to 5 inches or more. 
Briefly, the tools of this invention comprise a 
cutting element of cone or cup shape in cross 
section, sufliciently thick to sustain substantial 
cutting loads imposed on teeth which are pro- 
vided at is periphery, and means for exerting 
pressure axially of the element to flatten it or 
make it less cup or cone-shaped and thereby in: 
crease ifs diameter. Thus, in a typical embodi- 
ment an adjustable element of the type described 
is disposed between members engaging ifs opposed 
faces respectively adjacent the periphery at the 
one side and near the central portion at the other 
side, whereby pressure may be exerted axially 
on the element with suflicient magnitude to 
physically distort it from the plane of its pri- 
mary configuration. Such compressive distortion, 
in a direction axially of the element, is manifest 
as a dilation or expansion of the tool across its 
cutting tips, the extent of such expansion being 
governed by the degree of pressure exerted upon 
the element to change its shape. Conversely, re-. 
laxation of the axial pressure on a tool which 
bas not been compressed beyond its elastic limit 
produces a rediction in its overall diameter. 
Such tools, employed for boring purposes in. 
boring bars may be of two-lipped configuration, 
the lips constituting the cutting teeth and pref- 
erably being diametrically opposed, or the tools 
may be of multi-tooth configuration, the pe- 
riphery of the adjustable cutting element being 
gashed or fluted to expose cutting teeth project- 
ing at spaced intervals from the body. of the 
cutting element. Urdts of either of these types: 
may be-employed as reamers, milling cutters, 
counterbores, or boring tools. 
For purpose of adjustment or replaceability, 
the citting element may be provided with a cen- 
tral bore adapted to fit snugly on a stub or pilot 
of a drive shank, and the axial compression which 
is required to affect the tool expansion may be. 
provided by the disposition of a nut threaded 
on the stub or pilot of the drive shank or-a bolt: 
threaded into it. Thus, a typical reamer con- 
structed in accordance with this improvement' 
may comprise a drive shank presenting a Said 
face or shoulder, such that the cutting element 
will engage the face or shoulder at points ad-' 
jacent the edges of its teeth while a nut bers 
upon the central portion of the opposite face 
of the cutter to exert an adjustable expnding 
pressure on the cutter. 
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Inasmuch as the adjustable member of such an 
assemb]y is subjected to substantial cutting loads 
when itis in use, it must be of substantial thick- 
ness; otherwise it would tend fo give or flex in 
use and thus produce an imperfectly out surface. 
Ai the same rime, it is also apparent that the 
strength and solidity inherent in the substantial 
thickness at the body of the tool opposes the yield- 
ability or defozmability by which dilation is 
complished. However, tln'ough engagement .of 
the one face of the tool at points adjacent its pe- 
riphery and engagement of the opposite face of 
the tool ai its central portion, a compound force 
may be exerted which pemits expansion to-be 
produced without exertion of extreme effort, par- 
ticularly when the force is appliedby adjustment 
of a threaded nut or bolt. 
Fiexure or yieldability of the cutting ,Çl.ement 
from the plane of its original con_fi, gm'ation is also 
inconsistent with that degree of hardness .re- 
qred to provide desired cutting .action of the 
tOol teeth, since hard metals usuall áre.brittte. 
However, tle invention, in a typical embodiment, 
contemplates a cutting .element .which is con- 
structed of a relatively soft oir yieldable moral, 
e.g..,, mild steel, at its body portion which the pro- 
Jectedteeth comprise hard alloy, or sintered car- 
bide material, applied to each tooth, as a facig, 
insert, or bit. Tools constructed in this manner, 
therefore, provide a high degree of. durabflity and 
solidity in use in conjunction xAth a high degree 
of-yie!dability for adjustment purp0ses, and .they 
pemit-a substantial degree-c,f expansion to be 
obtained whereby the tool--may be res_et orrec0n- 
ditioned may rimes. On the other hand, if the 
tool is .not intended for severe-usage, or if the 
moral fo be cut is scft and does n0t cause-ap- 
preciable .wear, the cutting elementmaybe-fab- 
ricated from one of the commonmeta]s or-alloys 
which .are suflïciently yieldable to accommodate 
at least a limited degree of take up or expansion. 
. A cutting element of the type just described bas 
lim!ted abflity to. transfer, from itself to the drive 
shank or tool holder, that heat which is gener- 
ate during cutting. Hence, the temperature of 
the tool element may increase during cutting.and 
this temperature increase may cause physical 
expansion, of the effective diameter across the 
cuttïug teeth beyond the permissible limits. 
Problems of this nature frequently are .encoun- 
tered in work of a precise character where toler- 
ances-of only a few ten-thousandths of an inch 
are permissible. However, this invention con- 
templates several constructions which tender the 
problem of expansion to be of no consequence. 
First, a construction is disclosed in vhich a rela- 
tively broad facial contact ïs provided between 
the bit and holder to facilitate the transfer of 
heat as required. On the other hand, the body 
of the tool .may be made oï a moral having a low 
coefficient of expansion whereby elevated tem- 
peratures may be sustained without significant 
increase in the actual diameter, whether or-not 
thCheat is transmitted to the shank or h01der. 
This,'I bave detemined-thatholes of large 
ameter (where problems oï heat generati0n-are 
most acute)-may be bored within criticatly fine. 
tolerances by fabrication oLall or part of the body 
of the element of Invar metal, the faces of the 
teeth of such tools being equipped with sintered 
carbide orsflnilar hard alloy tips. 
Fabrication of tool elements in accordance with 
this invention is simple, readfly performed and 
inexpensive, even in the largest sizes, :since pre- 
cision in the fabrication is readily obtained 

through conventional grinding methods by which 
all reamers or circular cutters are produced. 
The configuration of the body of the tool, to pro- 
duce the desired cone or cup shape may be ac- 
complished by ordinary turning, stamping or 
punching techniques. Subsequently, the cutting 
element is hardened, or the hard cutting faces of 
the teeth are applied, and then the tool is ground 
and is ready tobe-used. These units, therefore, 
can .be produced af much tess eost-than slotted 
expansible reamers or the solid plug type reamers 
-which bave been disclosed in my afm'esaid 
paents. 
FTom the ïoregoing discussion oï the principles 
:upon vhich the invention is predicated and the 
foliowing çetailed description of typical embodi- 
ments of this invention, those skilled in the art 
will :c0mprehend various modifications to which 
the invention is susceptible within the meaning 
ofmy claires. 
In thedrawings: 
Figure 1 is a sectional view of-a-typicai boring 
bar and associated toot element embodying the 
present improvements. 
Figure 2 is an.end vicw of the tool sh0vn in 
Figure. 1. 
Figure 3 is a side e!evation of a modified orm 
of tool embodying a collective teol and holder 
ring-assembly which is adapted to be dspesed as 
a unit upon a pilot ora boring bar. 
Figure 4 is an end view of the ¢0nstructlon 
shown in Figure 3. 
-Figure 5 is an end elevation oï atool.and ho_lder 
assembly of the type shown in Figure-1 but em- 
bodying positive drive connection between the 
bar and cutting element. 
Figure 6is an end-view of the assembly shown 
in Figure 5. 
Figure  is a side elevation of a modified form 
oî tool. 
Figure S is an endview of the unit shown in 
Figure ï. 
Figure 9 is a section view which illustrates a 
two lipped cutter and holder assembly .disposed 
5 withina boring bar. 
Figure 10 is asectional view taken on .the line 
 of Figure 9. 
Figure 11 is a sectionatview illustrating another 
modified ïorm of outrer construction in .accord- 
5O ancewith this invention. 
Figure 12 is an-end elevational view showing 
the assembly of the outrer of Figure 11 with a 
tool holder. 
Figure 13 is a cross sectional view of.a modified 
55 form of the .tool ..showing it in place on a tool 
holder. 
Figure 14 is an end-elevational view oî the tool 
shown in Figure 13. 
-Figure 15 is a cross.sectional view.of a modified 
0 tool which is ground off Çngularly-at the-.ear 
face to provide a line contact between :the tooth 
members and the supporting shoulder of the 
Shak. 
- Figure 16 is an end elevational Vlew of.thetobl 
c5 shown in Figure 15. 
-Figure ! is a fragmentary elevational vlew 
showing the rear ace of the tooth, members of 
the tool shown in :Figures 15 .and 16. 
Figure t8is a cross sectional view of afurther 
7O modifled form of the tool. 
Figure 19 is an endelevational viewof-the tool 
shown in Figure 18. 
The adjustable cutting element indicate typi, 
eally at  in Figure 1 is.of cup or cone configura- 
78 tion in cross section with the central portion 
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thereof being bored at $ for reception upon a 
pilot or stub shaft 7 of a shank or holder indi- 
cated generally at 8. This holder, like the others 
which are shown and discussed herein, may be of 
the length desired and at ifs far end (hot shown) 
it may be of conventional construction em- 
bodying a tapered portion adapted for reception 
in a driving socket or other suitable means by 
which the holder 8 can be supported or rotated. 
The pilot 7 is threaded as at 9 to carry a nut 
10, and, for positive driving connection between 
the cutter element  and the holder 0, the stub 
shaft 7 may be equipped with one Or more keys 
11 which are received in suitable keyways located 
in the bore  of the cutting element. It is desir- 
able that the cutting element fit the stub shaft 
7 snugly so that the cutter wfll be mounted 
concentrically on the holder. 
The nut 10 engages the cutter 5 at the outer 
endwise portion thereof adjacent the bore 6, 
this .portion of the cutter preferably being fiat 
for facial contact between nut and cutter. From 
this central portion, however, the cutter, in cross 
section, diverges conically for example at an angle 
of about 10 degrees to 20 degrees such that the 
outer peripheral portion of the oppo.site face 
thereof is offset or resides in a plane which is 
spaced from the plane of the front face. The 
endwise portion of the drive shank constitutes a 
seat for this outer annular portion of the cutting 
element, as along the line 12. This portion of 
the drive shank may be rounded as at 13. The 
central portion of the cutting element may be 
recessed annularly at 14. 
To provide a plurality of cutting teeth at the 
periphery, the cutting element S is gashed at 
spaced intervals about the periphery, these 
grooves constituting flutes in the areas indicated 
generally at 18. Tooth portions 16 are thus 
deltneated about the periphery of this member, 
as many teeth being provided as are required by 
the service which is expected of the tool in 
accordance with accepted tool design practice. 
Each tooth of the tool shown in Figure 1 is faced 
with a sintered carbide member 17 which is siated 
and brazed in a recess provided for it. A washer 
13 may be disposed intermediate the nut 10 and 
the outer face of the cutter S fo facflitate the 
collection of heat from the cutter and direct it 
to the nut and shank if the tool is to be used 
for relatively heavy cuts where undue tool expan- 
sion is to be avoided. Washers made of copper 
or other good heat conductive metal are suitable 
for this purpose. 
In the preparation of a tool of the type shown 
in Figure 1 the cutting element is disposed upon 
the stub shaft and the nut is tightened prefer- 
ably to a degree which stresses the cutter element 
without expanding it appreciably, that is no more 
than approximately .003 fo .005 of an inch beyond 
its original relaxed diameter. For .perfect con- 
centricity the periphery of the cutting element 
my then be ground while the tool holder is held 
between centers. It is then ready for use. After 
being nsed repeatedly to an extent that the over- 
all diameter across the cutting teeth is reduced 
beyond a given diameter, the nut is engaged by 
a wrench and tightened so as fo exert a greater 
pressure on the face of the cutting element and 
thereby cause it fo yield or be deformed and 
assume a flatter shape in cross section. The posi- 
tion of ifs face upon such adjustment may reside 
along the dotted line 19. This axial compression 
is attended by a dilation in diameter and the 
outer extremities of the cutting teeth 17 now 

reside in a position fllustrated diagrammaticallF 
bF the dotted line 20. This diameter maF differ 
from the preceding diameter by merely a few 
thousandths of an inch, to as much as .015 or 
5 .020 inch, or even more depending upon the 
relative over-all diameter of the tool, the cone 
angle or degree of cut of the cutting element, and 
the extent to which the tightening of the nut has 
cansed the tool to be deformed. However, the 
10 displacement of the cutting teeth is uniform from 
tooth to tooth. The original concentricity is 
preserved and unless the teeth are worn very 
badly, they need hot be resharpened. If they 
are worn very badly, they may be ground upon 
15 their facial surfaces to restore sharp cutting 
edges. This face grinding may or may hot cause 
the overall or effective cutting diameter to be 
changed, depending upon the relief or clearance 
initially çrovided in each tooth. On the other 
20 hand, if the tool has suffered severe wear, then 
it may be expanded sufliciently to permit the 
outer diameter to be circle and relief ground 
so as to refmish the teeth at the periphery, 
whereby the unit is restored to its original con- 
25 dition. Since such reconditioning may involve 
the grinding away of only .003 to .005 inch from 
the net diameter, each tool may be reconditioned 
3 to 15 times or more before expansibility is lost 
in respect to a given reference diameter, although, 
after that, the tool still may be used for boring 
30 
holes which are of less than standard size. If 
the cutting element is over expanded beyond an 
intended diameter the nut may be backed-off 
gradually and the tool diameter across the teeth 
wfll decrease gradually, provided that the element 
35 has hot been stressed beyond its elastic limit in 
the preceding expansion adjustment. 
If is usua!ly inconvenient and expensive to dis- 
mantle a tool holder from a machine, especially 
if the machine is of the multiple head type. The 
40 tool shown in Figure 3 comprises an expansible 
cutter assembly which may be demounted as a 
unit from the drive shank or tool holder. This 
construction permits an operator having two or 
more such tool heads, to use one in the machine 
45 while the other is being adjustel, reground or re- 
conditioned in the tool room. Consequently, the 
shut-down time of the machine is minimized. 
In this construction the tool holder 22 is provided 
with a stub shaft 23 and nut 24 as described in 
50 Figure 1, but the stub shaft receives a carrier 
comprising a collar indicated generally at 2 
which is keyed to the stub shaft by key 26. The 
collar is provided with a skirt portion 27 upon 
which the cutter element 23 is mounted. Out- 
55 wardly of the skirt portion 27 beyond the cutter, 
the collar is threaded fo receive a compression 
nut 29. In this case, the cutter is keyed to the 
skirt of the collar by the key member 30. Hence, 
the cutter element 23 is adjustably mounted on 
ço the sleeve member 2 and the sleeve member 2, 
in turn, is removably mounted upon the stub 23 
of the holder. Adjustment of diameter in this 
instance is provided through the tightening of 
the nut 29 which the nut 24 bears against the 
5 end of the sleeve 25 to.hold the assembly flrmly 
on the drive.shank. Upon loosening nut 24 the 
carrier and associated tool may be removed from 
the holder. 
70 For maximum rigidity of the tool shown in 
Figure 3, as well as in the tools shown in the 
other illustrations, a plurality of rhin shims 31 
may be mounted at the back face of the central 
portion of the cutter to sustain the axial load 
75 exerted by the diameter adjustment nut. When 
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theoe «shtms are UtiItzel, n adJstment 2s é- 
fe0 b «mGîng th-e nut d outrer, Lten 
rong:one r'moe of.the shims,«rplacing 
cutt ;ad tightening the .nut :tl is thrust 
causes £he cutter to .br :mI on the :shims. 
ters onstructed :in -.ls :mànner are ex 
tremelY igi and .he H 'f the tribut o:f a 
soH ol but :stH1 y be: expgnded'diametricl. 
. Ira he-:costructon :sho in igure 5, :drive 
ks r :drlve :lu B are provided :on the :Hve 
shnk-0r :hoId OE he bol a-ssemb!y ,for abut* 
ment oearfe .6  the projecting :tooth.çor- 
tiens 6  the elen.t. The driVe-ls  :fOr ths 
purpose my'Droj eoE dwisely :b9yondthe 'shoul- 
dru" .gce  :e tlze :hoÏder, which 2s abutted by 
the :outang ement,-te :oçher tails f 
struon beig :sîm.rr to ;hose _ju :described. 
Thi-s e oE unoE :.is oe£ul where the £ol is 
red to..:stn .heaçy :inçem'upd cuts hich, 
though-erinrmtent:impact on the cutting 
teeth,:-mrt end to-disr hem. 
The =.uter :shown in/gures ï a .8 .is ntegal 
w[th .e :shank or h01der, the whole unit 
ruade o rdenble tool .steet or he :like, wh[ch 
fll yië]d i£hvç cs;cking when hden, r 
m dr a mfld:sel or loy "with hard 
ïnserts "or b.ts atached te %he cuing eeth et 
teosd faces-hereooE. In%his un, e end- 
se ortion :of .he bo.y  of e toolhs :a-cir 
cumferental grow r .nk :  which delineaes 
a .cu.ttlng 'porin 2 :rjecting thereeyond. 
The ol :et i endise portïon OEs plovided wih 
two, vr a plurali.ty, of flutes :e0r shes . hich 
fo cuttg :faces .  he 
shwn, these cutçing :fces comprise ard metS! 
bis or ner  hich :m-ay :be :zed n 
The central endïse çorfiun uf :the holder 
is bored and threaded  et 6 and is coter- 
bored as et . to provide a recess or seat for he 
d is oï sufficïen dameter to engage hè 
cutng :pm' of the tol .2 ajcent the outer 
pephe of :the -teeth thereon. An 
bolt9, wch ma .bave a head socketed or the 
rep£n of  nch, pass axlly through the 
eunùr member 8 fnço reaed engagement 
with e bore  of the tool head. 
It  be noted thgt he outer face of the 
tool .elt 2, n the construction shown in 
ese flgms, 1s cfred wrdy, hereby 
hnng djustment o he bolt 9 causes the 
eùer  fo bear .reaarfily upon the outC 
peDheral portion òf the ethed cutC and 
ereby fiita ït in the manner .previous]y 
sbed. or is pmse, the uuer periph'al 
puron of the expfier -part  mayëmboy n 
aflar bo ut the ea whia engages the 
cter. 
.A conventional reamer of the type commonly 
used  the art frequently bas eeth or blades of 
 elongaed nture residing longitudlnIy on 
the bodY o the tool. Such devoEces are con- 
structed upon the theorY that the elon'gated 
blad.guide the tool inthe hole which is eing 
b0redor-reamed byit and thereby help produce 
holes which are strght. Actually, however, 
these etongated blades are usually smatler in 
diameter af their ack end th af their fronç, 
for clearance purposes and the guing function 
is more theoreticalthan actuel, However in ac- 
cordance with the constructions of the present 
invention, u true piloting function may be pro- 
ded .by the portion of the tool holder vhich 
ts behind the cuttlng teeth, if that porion 0f 
the :h51der IS only a few one-thusandths of an 
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inch sma!ler.:in diameter than the ctual cUtting 
teethof %he tool. This is ïllStrated ypically:i 
tigure OE, though .the principle may be employed 
in the other embodiments Which .are discl6sed. 
5 For .heay roughing cuts such construction is 
hot :necessazy, "but if is desirable in a soalled 
fishi reumer which ls ployed to rem0ve 
only the.last :few thousandths of an inch rom a 
bored :hole nd impart a fine gurface to the i- 
]o çerior of the :hole throUgh whih i.t ..is :pasSëfl. 
Also, for .producing a hh suAace flsh the 
trailing :portions of the actul Cutting .teeth may 
be .ruade slightly smgtter in diameer than the 
leading :portions, as-iudicated.on.anaggerated 
15 scale in. Egure 7. 
Bori mitls of the type emplYed for Workg 
on lae ctgs d the =like .èmploy a borlM 
bar which is rotable :nd loagitudiaaHy .oEeed« 
able, the ,free end of the .br being gSded nd 
20 supprted in-an outboard journal SUch,a boring 
but conventionally ca,ries a 2qipped cutti 
blade which, when wor-n either is replated,  
brg it up :t0 the standard .diameter, or .is 'dis- 
carded.. .adjustable tool .instant for a bori 
5 bar of his tW:is iltustrated mFigues 9 and 10. 
The borg bar :0 is pr0Vided xiçh a- ross stot 
indicated gënezally t  wich uSually éxtends 
diametrically rough the boring b. Thb cuZter 
assembly ShoWn in Figuxe.9 :is indi.eated'generatly 
0 et 2, and iç comprises a cuter Csng :inhibh 
the cutçg element of Che-ajustable 'el 4 :is 
disp0sed. Thus, .thecasing .3 may.be f bxlike 
construçion,is 0uter dimensions being-such.hat 
it wfll fit in the cross slot  I of thebbring bar 0. 
35 But the casing also hs an aperture ' ï whlch 
he cutting element  s dpoeed. One :end 
the cas bears against one end .oï he slot.[ tri 
the boring bar, nd -hs end of .hè casig 
be equipped with flanges 5 which holfl if looSely 
4o in the borig bar sudh th he .enttre :cing 
floats relave o the :bar. îhe .casing  0 suh 
length thu ifs opposite end is spuced i.r0 e 
oppostte end o e borg bar slot, nd a :leaf 
spring ]  çooned beçween the tWO, so :as o 
,5 hol the casng in.place While sttl-I :al-lowtng If fo 
more, and hereby align itSeIf fo- hle 
ously boed. 
Cuttg element  of çhis assebly is o ¢o» 
ical conflratiOn ad presen ctng PS or 
59 teèçh a áç pots Don içs periphery, Whfle he 
cetrl porçin  the bar :conuins u central sea 
screw 8 Curried n çhe ed Wa 0f he 
The enth'e casing and cuer ussembly my De 
55 removed from e Ibt i the borg bar by 
the casing aganst the Spt'ing ] á igtanCe sffi- 
ctent îo the flanges' to cer the èdWise por- 
tion o the bar Slot, after whtch the t mhy 
be moved stdewisely and ken ïr the br. 
60 en e tç is demoted e adjastt srew 
5  accessible d may be çightened rb epd 
the cuiter afoer whch the uç can be reinsthllèd 
n he boring bar ïor use. 
or heavy roughing cut, where severe 
65 s imposed un the teeth» the cotructo 
shown in gures iI-16 may be utiled. The 
cutting element of the çol of gures II and 12 
is provded with a centrl portion seated snugly 
7o upon a projecg stud 0 of a ooI holder G[, d 
thts central portion is engaged by n adustment 
nut , as prevtously described in respect fo ig- 
ure I. However, the outer pepher1 portion, ai 
the rearward ïaceor mou oï the cutr-elent 
? $, Is Sbstntially t so as to engage .he end- 
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wise face of the tool body, and derive direct sup- 
port therefrom over a substantial area and also 
tobe in heat-transmitting contact therewith. In 
this tool the teeth 64, delineated by flute grooves 
65, are bored for the reception of screws 66 which 
are threaded into bores provided in the endwise 
portion of the body 8|. The holes in the teeth 
64 are larger than the diameters of the lock 
screws 66 to permit radial movement of the teeth. 
Therefore, fo adjust this unit, screws 66, which 
may be of the socket-head type, are loosened, the 
nut 62 is then tightened fo expand the tool to the 
desired degree, and then screws 66 are retight- 
ened to flrmly hold the teeth against the body 
the tool in their adjusted position. Such expan- 
sion is obtained because of the offset or angular 
relationship between the central portion of the 
cutting element which is engaged by the nut 
and the peripheral portion of the cutting element 
which is engaged by the tool holder 6 |. 
A modified form of construction employing a 
lock ring in place of the lock screws 68 of the tool 
just described is shown in Figures 13 and 14. 
Here the endwise central portion of the cutter 
element 68 is engaged by the nut 89 which is 
threaded upon a projecting stub 70. The nut 69 
has sockets in its endwise face for the reception 
of a spanner wrench by which the nut may be 
adjusted. This nut, in addition, is threaded at 
its outer periphery for the reception of a lock 
ring 72 having an annular boss portion 7S bear- 
ing upon the cutting elements 68 adjacent 
outer periphery and thereby fastening this ele- 
ment against the shoulder of the tool body 7|. 
Clamp ring 72 has notches or aportures for the 
reception of another spanner wrench by which 
may be tightened. 
Because of the arcuate or concave nature of 
the back faces of the teeth of a conical or cup 
shaped element the contact between this element 
and the shoulder of a tool holder may occur at 
only two points adjacent the edges of each tooth. 
Figures 15, 16 and 17, however, illustrate a con- 
strnction in which full line contact for each tooth 
is provided between the back face of the cutting 
tool and a fiat face on the supporting element on 
the tool holder. In these constructions the cen- 
tral portion of the tool is of cup or conical con- 
struction to provide expansion in accordance with 
the principles previously discussed, while the out- 
er peripheral portion is angulated oppositely, as 
indicated generally af the portion 78 in Figure 15. 
The cutting element is fluted as at 76 to deflne 
the cutting teeth 77, but, in this instance, the 
outer portion of each tooth is ruade fiat or planar 
and the adjacent oppositely inclined surface of 
each tooth also is ruade fiat or planar so that the 
traces deflned by the planes of these fiat faces are 
straight lines which constitute the line of contact 
of the cutting element with a fiat supporting sur- 
face disposed transversely of the axis of relative 
rotation of the tool. 1Vfore speciflcally, as shown 
in Figure 17, the outermost portion 78 of each 
tooth is a fiat surface, as produced, for example, 
by grinding that surface of each tooth individ- 
ually. The adjoining oppositely inclined surface 
78 of each tooth also is ruade fiat in simflar man- 
ner and resides at the appropriate angle, so that 
the two surfaces 78 and 79 meet one another in 
a straight chordal line or contact ridge line 86. 
Therefore, contact of the element with the sup- 
port along such lines, 66 one for each tooth, pro- 
vides a rigid mounting without utilization of the 
extra screws or clamp rings shown in Figures 
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11-14. The tool is expanded in the manner pre- 
vious]y described. 
Figure 15 also disclosed the provision of a split 
washer 81 having an internal diameter dimen- 
5 sioned to fit over the stub shaft of the tool holder 
and a concentric outer periphery which is of con- 
ical shape and.which is adapted tobe received in 
a complementary conical recess in the adjustable 
cutter element. As the adjustment nut is tight- 
10 ened the washer is wedged between the stub shaft 
of the holder and. the recess of the cutter to hold 
the latter precisely in concentric position of the 
holder. 
For many machining operations shell reamers 
15 are used, comprising bladed units which may be 
disposed over a stub shaft of a holder. Figures 
18 and 19 illustrate a shell reamer which is of an 
adjustab]e nature embodying the present Im- 
provement. This reamer consists of a sleeve-like 
20 body 82, bored as at 83 fo be received upon the 
projecting shaft or stud of a shell reamer holder. 
If the reamer is fo be held rigidiy upon the shoul_- 
der and is not fo float in respect fo if, then the 
bore 8 may be tapered slightly. The back por- 
25 tion of the body of the reamer is transversely slot- 
ted, as at 84, for the reception of a driving dog. 
An expansive cutter element 88 of conical config- 
uration is fastened to the forward end of the body 
 82, this attachment being of a rigid nature either 
S0 through screws 86 or through brazing. The cut- 
ter element 88 is fluted, as ai 87, and presents 
cutting teeth 88. A sleeve 89 Tits around the out- 
side of the body 82. This sleeve is behind the cut- 
ring teeth and also is fluted as ai 80 as fo provide 
35 for the passage of chips or for the passage of 
coolant. 
In the alternative, this sleeve may be solid, if 
clearance is of no importance. The back portion 
of the body 82 is threaded fo carry an adjustment 
40 nut 8| and a lock nut 82, the adjustment nut be- 
ing arranged fo bear upon the back face of sleeve 
88 and so move if forwardly. The front face of 
sleeve 68 is conflgurated to engage the outer 
ripheral portion of the cutter 68 adjacent the cut- 
5 ring teeth 88 thereof. Since the central porion of 
ho cutting element 8B is fastened to the body 82, 
it wfll be seen that the tightening of the adjus- 
ment nut 8 | wfll cause the sleeve 88 fo bear upon 
the outer portion of cutting element 85 fo cause 
50 it fo yield in a forward direction. This move 
ment, because of the conical or cupped construc- 
tion of the cutter, is accompanied by an expan- 
sion of the diameter across the cutting teeth. 
When the adjustment is ruade, the lock ring 
55 is tightened and the tool is ready for use. In this 
reamer, a. in others illustrated, the outermost di- 
ameter of the sleeve 89 may be just a fraction of 
an inch smaller than the diameter across the cut- 
ring teeth so that the sleeve functions to guide 
60 the tool in a linear direction through the hole 
portions which have been bored by the teeth. 
Units of this type are very satisfactory for flnish- 
ing operations. Where work of the most precise 
character is required and expansion due fo heat 
65 must be avoided, the body of the cutter may con- 
veniently be fabricated from one of the known 
metals having a low coefficient of expansion of 
which Invar is typical. 
70 Configuration of the actual cutting teeth of thL expansible element may be in accordance v¢ith 
good tool designing practices, as fo rake and clear. 
ance angles and the like. The teeth may be dis- 
posed on either positive or negative rake angles 
75 as desired. 



HavligdCcrlbed my.inventl0n Iclgtm: 
1. A circumferentialIy dilatble cutting: tool 
ed;  e mo.d: centrally'on the:.en of a 
olger undC gially:table compression,. aid 
ol: compsg:  resilien: spider consiuted' h 
-oe. cerl body coateff fio cooperatWwih 
ïàsning meas: fo achinthe - sper  the 
ed. of : he'. holder and xial, anguld resilienç 
ams: exndig: from: the:b; said a.rms tei- 
ng-  in cutting ps defing; in. rotatif, a 
cigle]- the: plane, of wich.is.osetaxil 
tibn to e " spider cenr; whereby adjustment of 
compression dilates the spider. 
. 2:-À- rcuerentially flgtbie cuoEg oI 
gdp£ed : be mounted centraHy 
: hder gnd to be hel, t0 e- e: of tha hd" 
y gxiall a-djusçble  compressio sa to. com- 
ising:  entral ptio having 
resilien. rers. divergin t-herfrom, the con. 
trl p£i0n: beg<cogted: for attachmt 
-« ctez o£ the 
tily' sPaced cuttg P exposed' marg - 
glIy: a. -e ends oi tha  si. zesilit members, 
-id oeing edges being eqdistant rom the 
1: ax-  of the central portion and  the outer 
nds':sai resient members:belng oEset axiallY 
,.reiti£o:th:centerporon wherebycreased 
-aglcompressiOn of the tool expnds 
,  chip cuiter assembly for rotary boring, 
zaaming, and_ mflHng operatio, comprisg, a 
in: o. having a hub: which contains a cen- 
  apertze;  tool: holder havg: 
Goned"  sai: ap.erte and havK abtment 
outdez mea rsida outwardl beyond  sa-id 
shaft, said cuttg oI hub having arms exnd- 
lng tefi'om - g.en'aH zaal directions, but 
lSo- di gngaïly- with rspect to. the- hub 
ax4; and: extding into engggement with sa-id 
abument oulder means,, 
yidable: i their- sa.id  axial da'ection  o diver 
gen and. being formed, with cuttg teeth which 
we paced-equidistnfl fromthe hub ax; mea 
coEustiting, a rota, driving: coection beween 
saçcutting. ol and tool holder,, and means car- 
d b the said: toól heldez' foïextg an axl 
comessive: force: upon said cuttg tool hub 
which= s fficit to bend e arms. and, make 
themore:divergent.with, zespect-to the hub axis, 
i cecidental, expansion of the diameter across 
said ttgteeth. 
.  A ehip cuhter assembly foe rotary borg, 
eang, and: milling operatis, comprising, a 
cut tool.-having a huh portion and a plurality 
o£ arms endg pproxiteI- raaHy out- 
wardly therefrom . Planes. diveging angularly 
om the. ax o£ said hub por.on, a tooI holder 
xotary diving connection wih.said cutting tool 
and' proyiding abutment shoulder means spaced 
Xiglly from said hub portion gnd residing in 
ggement  with said arms adjacent theh" ex- 
tremities, thesaid arms beg yïeldable 
ctbn of the divergence fom the hub axis and 
Deçformed w.ith cuttinge$h which are spaced 
equiistgnGy" om the h-ub gx, and means for 
e a axial p'essure u the ol. which 
cnt.  bond t: arms and make them more 
vgt with respec to tloE, huh ax, for co- 
cidental expaion of the diamet acrcss said 
5: cp oe ol foz  rotary borg, rearn- 
l. and" millïng operations, comprisg, a central 
huh which . adapd for engagement with a tool 
drivez; e said hub having ai least two arms 
exndg outwardly erefrom in approte!y 

oppesit.dhectlm, the said: arnlsresing 
divergent, with. respegt: to thé. a: OE said hub, 
to pïovide.  shap- wch,. . otatio. abau, the 
axis of std huoE defles: a concavo-cvex 
5 the sa ar. beg: yIdable . the direction of 
the. div.genca  from the  of said- hub and 
havg, cuttg, teeth ai the extremities whlch 
aë. saced equidisntly from the as of satd 
hub,. the:said tool; b. virtue of: the yieldabilit of 
10 t. arms, being: expauslble  diameter  con 
sequence- to the exeron: of a- force axilly h 
raspoet-ta the hub,. which- fs scient to make the 
rms-more divergent.. 
6.  ansible OEiç cutting tool for rotary 
15 borg, reaming, and millet operations, com- 
psg» a. central b vhich.  adapted for. a- 
tachmt to a ol iv-, the said hub havg at 
least two arms etending ]ereïrom in approxi- 
mtely epposite directions and residg on axes 
20 divertit £rom the xis. of said hub, fo provide a 
shape which, in. rotion abo.ut the ax of said 
hub, defines a concavó-convex form» the said 
arms.being yieldble in the direction or their di- 
vergence ïrom the huh ax. and having cutting 
25 teeth ai. theh. extremities, which are spaced equi- 
disntlF ï-rom the. as o£ said_huh, the. said tool 
beg abricated, ai Ieast in par.t, rom  metal 
havg., a Iow coefficient o£ eansion, whereby 
ifs cutting se is. hot appreciably affected by 
30 change  is. temperature, hu being expansible 
 cutt se in response to the application of 
a £orae exered axially with respect fo sid hub, 
which is sucient, in maitade to make the said 
arma moxe divergent with respect to the hub axis. 
7. . expansible chip cuting tool £or roary 
35 
boing, reang, and millet operations, compr- 
g, a central ub which is adpted ïor atcli- 
ment to a tooI driver, the said huh having a plu- 
rality of arms extending therefrom, the said arms 
resing on  xes divergig £rom ghe a.x of said 
ç0 hub, to' provie- a shape, wich»  rotation about 
the xis of said huh; definC  a concavo-conex 
form; the said arms being o reduc hickness 
hetwCn tIieirextremities:and said huh provide 
45 yielda.bility thereof with respect to the x of 
sid hub; and hang cutting teCh, ai. their ex- 
tremities whic are spaced  equidiSttly ïom 
thehuh axis thesai ol, by rb'tue of the yield- 
Sflity of the arms, being expaible in cuttg 
diamer in consequence fo the appIication of 
50 f0rcë which is axial in respect  the hub, and 
wh[ch  scient  make rie arms moïe di- 
vergent with respectfio te-hub aMs. 
8. An expaible chip cutting tooI for rot 
boring, reaming, snd milIing operations, com, 
55 prising, a hub. pong a central axis of roça- 
rion, a plurzliy of rms diverging substanty 
symmetr[cally frein the said hub ' hoth radial 
nd xial. recions- in relation thereto, the said 
arms havg-cutting teeh t. çheir extremities 
60 which arespacedequitantlF fom the:said cen- 
trI aoEis of rotation, and the said: s being 
yieldble in, tlie sid' xiI rection of thefl" - 
vergence, whereb the ameter of a circle gen- 
ated by khe cuti teeth  rotation of the tool 
65 abo.ut the central axis may  be increased with- 
o.ut. stress, the: as in rcumferential rec 
tin, in.comequence te the application of.a.n axial 
mce which:  sufficient,in maitude-to iucease 
70 e a:dal, divgenc of theurms. 
9.  expansible: ip cutting too[ for roary 
boring, reaming; and mitling operations, compris- 
ing, a hub providg:a central axis of rotation, a 
plurality of arms erging substantially sym- 
75 mcally om e said huh  both ml: d 
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axial directions in relation thereto, the said arms 
having cutting teeth at their extremities which 
are spaced equidistantly from the said central 
axis of rotation, and the said arms being elasti- 
cally deformable in the said axial direction of 
their divergence, whereby the diameter of a circle 
generated by the cutting teeth in rotation of the 
tool about the central axis may be increased, 
without stressing the arms in circumferential 
direction, in consequence to the application of an. 
axial force which is sufficient in magnitude to in 
crease the axial divergence of the arms. 
10. A chip cutter assembly for rotary boring, 
reaming, and milling operations, comprising, a 
cutting tool having a hub, a tool holder engaging 
said hub and having abutment shoulder means 
residing outwardly therefrom, said hub havlng 
arms extending therefrom in generally radial 
rections, but also residing in planes diverging 
angularly from said hub and extending into en« 
gagement with said abutment shoulder means, 
the said arms being yieldable relative to said hub 
and being formed with cutting teeth which are 
spaced equidistantly from the hub axis, driving 
means in connection with .the said .tool holder for 
engaging the arms near their outer extremities, 
and means carried by the said tool holder for 
exerting an axial pressure upon said hub which 
is sufficient fo bend the arms and make them less 
divergent with respect fo the hub for coincidental 
expansion of the diameter across said cutting 
teeth. 
- il. An expansible chip cutting tool for rotary 
boring, reaming, and milling operations, compris- 
lng, a hub providing a central axls of rotation, a 
plura]ity of arms diverging substantially sym- 
metrically from the said hub in both radial and 
axlal directions in relation thereto, the said arms 
having cutting teeth at thelr extremities which 
are spaced equidistantly from the said central 40 
axis of rotation, ,and the said arms being yieldable 
in the said axial direction of their divergence, 
whereby the diameter of the circle generated by 
the cutting teeth in rotation of the tool about 
the central axis may be increased in consequence 45 
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to the application of an axial force which is suï- 
flcient in magnitude to change the axial diver- 
gence of the arms, the said arms, at areas adja- 
cent their extremities, having facial portions re- 
siding in a common plane and constituting abut- 
ment surfaces adapted for engagement with a 
tool support. 
12. An expansible chip cutting tool for rotary 
boring, reaming, and milling operations, compris« 
ing, a hub having a central aperture, a tool holder 
having a shaft engaging the said aperture and 
having abutment shoulder means residing out« 
wardly beyond said shaft atone side of said hub, 
the said tool holder having compression means 
on said shaft at the other side of said hub, a 
plurality of arms diverging substantially sym 
metrically from said hub in both radial and axial 
directions in relation to said shaft and being 
supported by said abutment shoulder means near 
the outer extremities of said arms, the said arms 
having cutting teeth at their extremities which 
are spaced equidistantly from the axis of said 
shaft, and the said arms being yieldable in the 
said axial direction of their divergence, whereby 
the diameter of a circle generated by the cutting 
teeth in rotation of the tool about the axis of said 
shaft may be increased, without stressing the 
arms in circumferential directions, by tightening 
the compression means against the hub to exert 
thereon a force sufficient to increase the axial 
divergence of said arms. 
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